Introduction
In Computed Tomography (CT) the acquired data is always influenced by noise. This is due to the fact that i) the creation and interaction of X-rays is a statistical process and ii) the detector electronics have some inherent noise as well. Assuming the presence of monochromatic radiation, the values of the measured intensity values are Poisson distributed. Using the central limit theorem the noise distribution turns into Gaussian noise at higher dose levels. In this work, the noise distribution is measured using a simple phantom and compared to a simple noise model.
Methods
The noise behaviour of a clinical CT was examined with two experiments: i) Measurements without any objects for a basic understanding of the raw data of a clinical CT. For each detector element the standard deviation was calculated for a complete scan and a histogram of measured intensity values have been plotted. ii) Circular discs with different diameters have been scanned to calculate the signal-to-noise behaviour and the specific distribution of the noise. The shape of the distribution gives clues about the underlying probability density function.
Results
The scans without objects show that the intensity values are distributed similar to a Gaussian probability density function. For the disc phantom measurements the resulting signal-to-noise ratio correspond, as predicted by theory, to the values of a square root function. Based on the histogram and a Gaussian fitting, it can be seen that even for very low dose the noise is Gaussian distributed. In addition, some artifacts can be seen in the low dose situation.
Conclusion
It was shown that under real conditions the noise distribution of a clinical CT scanner corresponds even for low dose scans to a Gaussian distribution. A result, which could not fully be explained, is the occurrence of artifacts at low dose situations.
